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© Zero temperature coefficient comparator circuit with hysteresis. 
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© A single ended input comparator circuit (10) 
having an input inverter stage (16) and a voltage 
reference circuit is provided. The voltage reference 
circuit modulates the voltage appearing across the 
inverter stage thereby varying the switching thresh- 
old voltage level of the inverter stage and providing 
hysteresis for the comparator circuit. Further, by 
appropriately choosing the widths and lengths of the 
transistors used in the jnverter stage and the voltage 
reference circuit, a zero temperature coefficient for 
the comparator circuit is achieved. 
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Field of the Invention 

This invention relates to circuits and, in particu- 
lar, to comparator circuits having hysteresis. 

Background of the Invention 

A comparator circuit with hysteresis is a com- 
parator with two switching threshold levels; an up- 
per switching voltage level and a lower switching 
voltage level wherein the upper voltage level is 
greater than the lower voltage level. In particular, if 
the previous output logic state of the comparator 
was a logic low, the comparator switches logic 
states when the input voltage exceeds the upper 
threshold voltage level. However, if the previous 
output logic state of the comparator was a logic 
high, the comparator switches logic states when 
the input voltage falls below the lower threshold 
voltage level. It is in this manner that hysteresis is 
achieved as is understood. 

It is also desirable to provide a comparator with 
hysteresis whose switching voltage levels are in- 
dependent of temperature. A typical circuit for pro- 
viding a zero temperature coefficient comparator 
circuit with hysteresis is disclosed in a textbook 
entitled "Bipolar and MOS Analog Integrated Cir- 
cuit Design" by Alan B. Grebene, John Wiley & 
Sons, 1984. In particular, figure 11.15 on page 559 
shows a circuit for adjusting the voltage at the 
inverting input of the comparator by closing switch 
S 2 to short out resistor R c in order to provide the 
lower switching threshold. However, this circuit in- 
cludes a large number of devices, consumes a 
large die size area, and requires a current bias. 

Hence, there exists a need for an improved 
zero temperature coefficient comparator circuit hav- 
ing hysteresis. 

Summary of the Invention 

Briefly, there is provided a comparator circuit 
having an input terminal and an output terminal, 
comprising an inverter circuit having an input and 
an output, the input of the inverter circuit being 
coupled to the input terminal of the comparator 
circuit, the inverter circuit being coupled to operate 
between a voltage appearing at a first supply termi- 
nal and a voltage appearing at a first circuit node; a 
voltage reference circuit being responsive to a log- 
ic signal appearing at the output terminal of the 
comparator circuit and being coupled between a 
second supply voltage terminal and the first circuit 
node for modulating the voltage appearing across 
the inverter circuit; and an amplifier circuit coupled 
between the output of said inverter circuit and the 
output terminal of the comparator circuit. 



The present invention will be better understood 
from the following detailed description taken in 
conjunction with the accompanying drawing. 

5 Brief Description of the Drawing 

The sole figure is a partial schematic/block 
diagram of a zero temperature coefficient compara- 
tor circuit with hysteresis. 

w 

Detailed Description of the Drawing 

Referring to the sole figure, there is illustrated 
a partial schematic/block diagram of comparator 
75 circuit 10 having input terminal 12 and output ter- 
minal 14. The comparator circuit includes inverter 
16 having an input coupled to terminal 12 and an 
output which can be taken at circuit node 18. It is 
understood that inverter 16 forms the input stage of 

20 comparator circuit 10. 

Inverter 16 includes PMOS transistor 20 and 
NMOS transistor 22 where PMOS transistor 20 has 
a source electrode coupled to a first supply voltage 
terminal at which the operating potential VDD is 

25 applied, and a gate electrode coupled to input 
terminal 12. The drain electrode of PMOS transistor 
20 is coupled to the drain electrode of NMOS 
transistor 22 wherein the common drain electrodes 
form the output of inverter 16 at circuit node 18. 

30 The gate electrode of NMOS transistor 22 is coup- 
led to input terminal 1 2, while the source electrode 
of NMOS transistor 22 is coupled to circuit node 
23. The back gate electrodes of transistors 20 and 
22 are respectively coupled to the source elec- 

35 trodes of transistors 20 and 22. 

Transistors 24 and 28 provide the internal ref- 
erence and hysteresis of comparator circuit 10. 
The drain electrode of NMOS transistor 24 is coup- 
led to circuit node 23 and to the source electrode 

40 of NMOS transistor 28, while the gate electrode of 
NMOS transistor 24 is coupled to input terminal 12. 
The ^source electrode of NMOS transistor 24 is 
returned to ground. The drain electrode of NMOS 
transistor 28 is coupled to operating V C c, while the 

45 gate electrode of the same is coupled to output 
terminal 14. Also, the back gate electrodes of tran- 
sistors 24 and 28 are respectively coupled to the 
source electrodes of transistors 24 and 28. 

In addition, amplifier 26 has an input coupled 

so to circuit node 18, and an output coupled to output 
terminal 14. Also, voltage V F is substantially equal 
to the voltage appearing at circuit node 23. 

The switching threshold voltage level (trip 
point) of inverter 16, which is determined by the 

55 widths and lengths of transistors 20 and 22, are set 
to be a fraction of the voltage appearing across the 
source electrode of transistor 20 and the source 
electrode of transistor 22. Or equivalently, a frac- 
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tion of voltage difference between voltage V DD and 
the voltage appearing at circuit node 23 (V23). For 
example, the switching threshold voltage level of 
inverter 16 may be set to be the midpoint voltage 
between V DD and V23 which can be expressed as 
(V 0D - V 23 )/2. 

The present invention recognizes that by vary- 
ing the voltage appearing at circuit node 23 (V F ), 
the switching threshold voltage level of inverter 16 
can be correspondingly varied. As a result, upper 
and lower switching threshold voltage levels can be 
provided thereby providing hysteresis for compara- 
tor circuit 10. 

Initially, assume a starting position of voltage 
V, N being higher than upper input threshold voltage 
and voltage V OUT correspondingly being a logic low 
voltage. In this case, NMOS transistor 28 will be 
rendered inoperative and the voltage at circuit node 
23 will be substantially equal to zero volts. This 
sets inverter 16 to switch at a threshold level sub- 
stantially equal to V D d/2 which is known as the 
lower threshold voltage level (V L ). Therefore, as 
voltage V, N falls below voltage V L , inverter 16 
switches and voltage Vqut transitions from a logic 
low voltage level to a logic high voltage level there- 
by turning on NMOS transistor 28. Once transistor 
28 turns on, transistors 28 and 24 form a voltage 
divider with respect to voltage V cc which forces a 
predetermined voltage at circuit node 23 as de- 
noted by voltage V F . Thus, the voltage appearing at 
circuit node 23 has increased from substantially 
zero volts to voltage V F wherein voltage V F is 
determined by the size ratio of transistors 28 and 
24. This now sets a new switching threshold volt- 
age level for inverter 16 which is known as the 
upper threshold level (Vu). It is understood that 
because the voltage at circuit node 23 has in- 
creased, voltage Vy is greater than voltage V L . As a 
result, hysteresis is achieved for comparator circuit 
10 because now voltage V| N must exceed voltage 
Vy (not voltage V L ) in order to cause the output of 
inverter 16 to switch from a logic high state to a 
logic low state. 

Moreover, if voltage V (N increases and exceeds 
voltage V y , inverter 16 switches and voltage Vqut 
transitions from a logic high voltage level to a logic 
low voltage level thereby turning off NMOS transis- 
tor 28. Once transistor 28 turns off, the voltage at 
circuit node 23 is substantially equal to zero volts 
and comparator circuit 10 is now set back to switch 
at its lower threshold voltage level (V L ) as af- 
oredescribed. 

It is worth noting that amplifier 26 substantially 
gains up the voltage occurring at circuit node 18 
thereby holding the gate of NMOS transistor 28 to 
a high voltage (V DD ) when the voltage appearing at 
circuit node 18 is near voltage V L . 



In summary, the voltage appearing at circuit 
node 23 is modulated between a first voltage 
(ground reference) and a second voltage (V F ) to 
vary the switching threshold voltage level of in- 
5 verier 16. This, in turn, provides the necessary 
hysteresis for comparator circuit 10. 

A detailed analytical approach for determining 
voltages V Ll Vu and V F is now presented. 

Solving first for the lower trip point (V L ): 

10 let IdS(20) - IdS(22) 

Therefore, we obtain: 

(W 20 /L 20 )*(kp/2)*(V DD -V IN .V Tp )2 = (W 2 2/L 22 )*(k n /2r- 
(V,N-V Tn ) 2 

75 

W 20 and W 22 are respectively the widths of 
transistors 20 and 22; 

L 2 o and L 22 are respectively the lengths of 
transistors 20 and 22; 
20 V Tp is the threshold voltage for PMOS transis- 

tor 20; 

V Tn is the threshold voltage for NMOS transis- 
tor 20; and 

k p and k n are respectively the transconduc- 
25 tance parameters for PMOS transistor 20 and 
NMOS transistor 22. 

Now let 0 ={(W 22 AW 20 nL20/L22)*(k n /k p )} 1/2 
and V L = V, N 

We then can obtain the following expression 
30 for V u : 

V L = (V DD - V Tp + V T „W<0+1) (1) 

Similarly, solving for the upper trip point (V y ): 

35 let IdS20 = 'dS22 

Therefore, we obtain: 

(W20/L20)*(k p /2)*(V DD -V,M-V Tp ) 2 = (W22/L22)*(kn/2)*- 
(Vw-Vp-Vm) 2 

40 

Again, let 0 = {(W22/W20)*(L20/L22)*(k n /k P )} 1/2 
and Vy = V| N 

We then can obtain the following expression 
for V y : 

45 

Vu = (v DD + /rv F - v Tp + /s*v Tn )/(0+i) (2) 

Notice that the hysteresis voltage (V H ys) is the 
difference between the upper and lower switching 
50 threshold voltage levels and can be expressed as: 

V HYS = Vu- V L = /n/ F /(/8 + i) 

The feedback voltage (V F ) is determined as 
55 follows: 

By design I D S28 » bs2o = 'ds22 
and thus Ids24 Ids28 
Therefore, we obtain: 
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(W24/L24r(kn/2)*(V IN - V Tn ) 2 = (W28/L28)*(kn/2)*- 
(Vour -V F - V Tn )2 

Let or = {W24/W28)*(L28/L24)}1/2 
and V, N = Vu 

Thus Vy = {Vqut -V F + V Tn («-1 )}/« (3) 
Now, equating EQNS. (2) and (3), we obtain: 

(V DD + /TV F - V Tp + /S , Vt„)/(^ + 1) = {Vout -V F + V Tn - 
(a-1)}/a 

Further, for V, N = V y + c (where e is some 
small but finite voltage and, thus, voltage V IN is 
near the upper switching threshold voltage level), 
we obtain (due to amplifier 26) that V 0 ut « V DD . 

Finally, we can obtain the following expression 
for V F : 

V F = {V DD *(1 + /S^) + V Tn *(«- fi- 1)+a*V T p/- 
(a*0+/S+1)} (4) 

It should be realized that the terms k n , k p , V Tn 
and V Tp are sensitive to temperature variations. 
However, for a complementary MOS process 
wherein V Tn « V Tp , temperature variations can be 
eliminated by scaling the MOS transistors to appro- 
priately select the values of at and 0. 

For example, let V Tn * V Tp 

and by design establish a = 0 = 1 ; 

The following circuit characteristics are then 
obtained: 

V L = V DD /2 

Vu = V DD *2/3 

V F = V DD /3 

V„ YS = Y F /2 = V DD /6 

From the above equations and analysis, it is 
clear that voltages Y L , Y y , Y F , and V H ys are all 
functions of voltage V DD and are all independent of 
temperature under the assumption that voltage Y DD 
is independent of temperature. Thus, a zero tem- 
perature coefficient comparator circuit with hyster- 
esis has been provided. 

By now it should be apparent from the fore- 
going discussion that a novel comparator circuit 
has been provided. The single ended input com- 
parator circuit includes an input inverter stage and 
an internal voltage reference circuit. The internal 
voltage reference circuit modulates the voltage ap- 
pearing across the inverter stage thereby varying 
the switching threshold voltage level of the inverter 
stage and providing hysteresis for the comparator 
circuit. Further, by appropriately choosing the 
widths and lengths of the transistors used in the 
inverter stage and the internal voltage reference 
circuit, a zero temperature coefficient for the com- 



parator circuit is achieved. 

While the invention has been described in con- 
junction with the specific embodiments thereof, it is 
evident that many alterations, modifications and 
5 variations will be apparent to those skilled in the art 
in the light of the foregoing description. Accord- 
ingly, it is intended to embrace all such alterations, 
modifications and variations in the appended 
claims. 

w 

Claims 

1. A comparator circuit (10) having an input termi- 
nal (12) and an output terminal (14), compris- 

75 ing: 

an inverter circuit (16) having an input and 
an output, said input of said inverter circuit 
being coupled to the input terminal of the 
comparator circuit, said inverter circuit being 

20 coupled to operate between a voltage appear- 

ing at a first supply terminal and a voltage 
appearing at a first circuit node (23); 

a voltage reference circuit being respon- 
sive to a logic signal appearing at the output 

25 terminal of the comparator circuit and being 

coupled between a second supply voltage ter- 
minal and said first circuit node for modulating 
the voltage appearing across said inverter cir- 
cuit; and 

30 an amplifier circuit (26) coupled between 

said output of said inverter circuit and the 
output terminal of the comparator circuit. 

2. The comparator circuit according to claim 1 
35 wherein said voltage reference circuit includes: 

a first NMOS transistor (24) having a drain, 
source, gate and backgate electrodes, said 
drain electrode of said first NMOS transistor 
being coupled to said first circuit node, said 

40 gate electrode of said first NMOS transistor 

being coupled to the input terminal of the 
comparator circuit, and said source and back- 
gate electrodes of said first NMOS transistor 
being coupled to a third supply voltage termi- 

45 nal; and 

a second NMOS transistor (28) having 
drain, source, gate and backgate electrodes, 
said drain electrode of said second NMOS 
transistor being coupled to said second supply 

50 voltage terminal, said gate electrode of said 

second NMOS transistor being coupled to the 
output terminal of the comparator circuit, and 
said source and backgate electrodes of said 
second NMOS transistors being coupled to 

55 said first circuit node. 

3. The comparator circuit according to claim 2 
wherein said inverter circuit includes: 
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a first PMOS transistor (20) having drain, 
source, gate and backgate electrodes, said 
source and backgate electrodes of said first 
PMOS transistor being coupled to said first 
supply voltage terminal, said gate electrode of 5 
said first PMOS transistor being coupled to 
said input of said inverter circuit, and said 
drain electrode of said first PMOS transistor 
being coupled to said output of said inverter 
circuit; and 10 

a third NMOS (22) transistor having drain, 
source, gate and backgate electrodes, said 
drain electrode of said third NMOS transistor 
being coupled to said drain electrode of said 
first PMOS transistor, said gate electrode of 15 
said third NMOS transistor being coupled to 
said input of said inverter circuit, said source 
and backgate electrodes of said third NMOS 
transistor being coupled to said first circuit 
node. 20 

4. A method for providing a zero temperature 
coefficient comparator circuit (10) having hys- 
teresis, the comparator circuit including an in- 
verter input stage (16) and a voltage reference 25 
circuit wherein both the inverter input stage 
and the reference circuit includes a plurality of 
transistors, the method comprising the steps 
of: 

(a) modulating a voltage appearing across 30 
the inverter input stage such that a switch- 
ing threshold voltage level of said inverter 
input stage is varied; and 

(b) selecting the widths and lengths of the 
transistors used in the inverter input stage 35 
and the voltage reference circuit such that 

said switching threshold voltage level of 
said inverter input stage is substantially in- 
dependent of temperature. 

40 



45 



50 
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